and plant tissue (Madhaiyan et al., 2013) . The type strains of these species shared the common chemotaxonomic characteristics of the type species Jatrophihabitans endophyticus described by Madhaiyan et al. (2013) , possessing meso-diaminopimelic acid (MAP), the peptidoglycan being of type A4g, MK-9(H 4 ) as the predominant menaquinone and iso-C 16 : 0 as the major fatty acid.
Here, we report on the polyphasic taxonomic study of another strain isolated from surface-sterilized tissue of the medicinal plant Huperzia serrata (Thunb.). A previous study (Sun et al., 2015) revealed that micro-ecological environments endowed the resident micro-organisms with some specific metabolic characteristics. The inner tissues of medicinal plants represent one such promising niche, where the endophytes can form intimate associations with plants, and the host plant may endow the resident micro-organisms with specific metabolic characteristics. In return, the endophytes may act as biological control agents, enhance plant growth and promote plant establishment under adverse conditions (Qin et al., 2011) . Therefore, endophytes may represent a promising microbial resource with great potential in pharmaceutics, agriculture and industry.
Strain CPCC 204076
T (I13A-01604) was isolated from surface-sterilized tissue of Huperzia serrata collected from a low bush (29 41¢ 24.98 † N 103 10¢ 16 .23 † E, 1187 m altitude) located at Hongya County of Sichuan Province, south-west China. The isolation agar contained (per litre): CM-cellulose 10 g, KNO 3 0.2 g, MgSO 4 .7H 2 O 0.05 g, K 2 HPO 4 0.2 g, CaCO 3 0.02 g, FeSO 4 0.01 g, agar 150 g (pH 7.5). After 3 weeks of incubation at 28 C, isolated colonies were picked and streaked onto DSMZ 92 medium (per litre: trypticase soy broth 30.0 g, yeast extract 3.0 g, agar 15.0 g) until pure cultures were obtained. The purified isolate was maintained on DSMZ 92 agar at 4 C and as glycerol suspensions (20 %, v/v) 
Gram-staining reaction was tested using the method as described by Magee et al. (1975) and observed using light microscopy (ZeissAxio Scope; A1 Vario). The motility of cells was examined on DSMZ 92 medium with swarming agar (0.3 %, w/v). Cell morphology was examined using a JEOL JEM-1010 electron microscope (transmission electron microscopy mode) after incubation on DSMZ 92 medium at 32 C for 3 days. Before being mounted on Formvarcoated copper grids 76 (Electron Microscopy Science), cells were negatively stained with 2 % (w/v) uranyl acetate for 20 s.
The temperature range for growth was tested at 0, 4, 10, 20, 28-37 (at intervals of 1.0 C) and 40 C on DSMZ 92, ISP 2, tryptone soy agar (TSA; Oxoid), and R2A agar. The pH range for growth was tested using DSM 92 medium at different pHs (5.0-11.5) (at intervals of 0.5 pH unit), using the following buffer systems to adjust the pH values: pH 5.0-5.5, 0.1 M citric acid/0.1 M sodium citrate; pH 6.0-8.0, 0.1 M KH 2 PO 4 /0.1 M NaOH; pH 9.0-10.0, 0.1 M NaHCO 3 / 0.1 M Na 2 CO 3 ; pH 11.0-11.5, 0.1 M Na 2 HPO 4 /0.1 M NaOH. The tolerance to NaCl was examined on DSMZ 92 with different NaCl concentrations (0-10 %, w/v) (at intervals of 1.0 %). Metabolic characteristics were determined by using Biolog GEN III (MicroPlate), API 50CH and API ZYM test kits (bioM erieux) according to the manufacturers' instructions. Oxidase activity was detected using API oxidase reagent (bioM erieux) according to the manufacturer's instructions. Catalase activity was detected by evaluating the production of bubbles with the addition of a drop of 3 % (v/v) H 2 O 2 . Endoglucanase activity was tested according to the methods described by Reinhold-Hurek et al. (1993) and Compant et al. (2005) . Susceptibility to antibiotics was determined by the disc-diffusion plate method. The following antibiotics were tested (concentration per millilitre in parentheses) on TSA medium: amikacin (30 µg), ampicillin (30 µg), aureomycin (30 µg), aztreonam (30 µg), carbenicillin (30 µg), ceftazidime (30 µg), cefotaxime (30 µg), ciprofloxacin (10 µg), chloromycetin (30 µg), erythromycin (15 and 30 µg), furadantin (300 µg), gentamicin (10 µg), kanamycin (50 and 100 µg), netilmicin (10 µg), novobiocin (5 and 30 µg), oleandomycin (10 µg), penicillin G (10 U), polymyxin B (10 and 300 U), streptomycin (10 and 25 µg), terramycin (2.5 and 30 µg), tetracycline (10 and 30 µg), tobramycin (10 µg) and vancomycin (10 µg). The ability of the strain to hydrolyse gelatin, Tween 40 and Tween 80, L-tyrosine and starch, production of H 2 S and indole, and methyl red and Voges-Proskauer reactions were tested as described by Smibert & Krieg (1994) . Hydrolysis of cellulose was detected following the method described by Morris & van Gylswyk (1980) . Milk coagulation and peptonization was determined using 20 % (w/v) skimmed milk as medium after incubation for 2 weeks at 32 C. Three type strains (J. endophyticus DSM 45627 T , Jatrophihabitans soli DSM 45908 T and Jatrophihabitans fulvus JCM 30448 T ) were also included in parallel physiological and biochemical tests.
Moist-surfaced, pale orange colonies were observed after incubation of strain CPCC 204076
T at 32 C for 48-96 h on the tested agar media [DSMZ 92, ISP2, TSA, Luria-Bertani (LB) agar and R2A agar] with a maximum diameter of 1.3 mm. The colonies were translucent, convex and circular with entire edges. Growth was observed at 10-37 C, with optimum at 32 C. The initial pH range for growth was pH 5.0-9.0 with optimum pH of 7.0-7.5. Growth was observed on DSMZ 92 medium in the presence of 0-3 % (w/v) NaCl, while no growth occurred when NaCl concentration was !4 % (w/v). Cells were Gram-stain-positive, non-motile, non-spore-forming and rod-shaped, with a size of 0.5-0.7Â1.0-1.1 µm (Fig. S1 , available in the online Supplementary Material). It was oxidase-positive but catalase-negative. The detailed physiological and biochemical characteristics of the strain are given in Table 1 and in the species description.
Biomass for chemical and molecular studies (except analysis of fatty acids) was obtained by cultivation in R2A broth at 32 C for 4 days (at the late-exponential phase of growth) on a rotary shaker (about 150 r.p.m.). Purified peptidoglycan was prepared by the method of Schleifer & Kandler (1972) . Amino acids and peptides in cell-wall hydrolysates were analysed by two-dimensional ascending TLC on cellulose plates, using the solvent systems of Schleifer & Kandler (1972) . Molar ratios of amino acids were determined by GC and GC-MS of N-heptafluorobutyryl amino acid isobutyl esters (MacKenzie, 1987) . Analysis of enantiomers of peptidoglycan amino acids was performed by GC of N-pentafluoropropionyl amino acid isopropyl esters (Frank et al., 1980) on an L-Chirasil-Val column (Macherey-Nagel) as described by Groth et al. (1997) . Polar lipids were extracted, examined by two-dimensional TLC and identified according to previously described procedures (Minnikin et al., 1984) . Menaquinones were extracted according to Collins et al. (1977) and analysed by HPLC (Groth et al., 1997) . Cellular fatty acids were extracted from cultures in their exponential stage of growth harvested from R2A agar medium (cultivation at 30 C for 3-4 days), methylated and analysed using the Sherlock Microbial Identification System (MIDI) according to the manufacturer's instructions (Kroppenstedt, 1985; Meier et al., 1993) . The ACTIN1 MIDI database in MIDI Sherlock Version 6.0 was used.
The peptidoglycan of strain CPCC 204076 T was determined as containing glutamic acid (Glu), glycine (Gly), alanine (Ala) and 2,6-DAP in the molar ratio of 1.0 : 1.0 : 0.4 : 0.4. Enantiomeric analysis of the peptidoglycan amino acids showed the presence of D-Glu, Gly, D-Ala, L-Ala and meso-DAP, which indicated that the peptidoglycan type of strain CPCC 204076
T was A4g. Diphosphatidylglycerol, one unknown phospholipid and an aminolipid were detected as the main components in the polar lipid profile (Fig. S2) . The menaquinone system contained MK-9(H 4 ) and MK-8 (H 4 ). iso-C 16 : 0 (60.1 %) and anteiso-C 17 : 0 (10.8 %) were found as the major components in the cellular fatty acid profile (Table S1 ).
Genomic DNA was extracted and PCR amplification of the 16S rRNA gene was performed as described by Li et al. (2007) . The sequence obtained from strain CPCC 204076 T was compared with available bacterial 16S rRNA gene sequences from GenBank using the BLAST program and the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net; Kim et al., 2012) to determine an approximate phylogenetic affiliation. Multiple sequence alignment and analysis of the data were performed with the MEGA software package version 5.0 (Tamura et al., 2011) . Phylogenetic trees were reconstructed using the neighbour-joining method (Saitou & Nei, 1987) with K nuc values (Kimura, 1980 (Kimura, , 1983 and complete deletion gaps, and the maximum-parsimony (Kluge & Farris, 1969) and maximum-likelihood (Felsenstein, 1981) methods. The topology of the phylogenetic tree was evaluated by the bootstrap resampling method of Felsenstein (1985) with 1000 replicates. The G+C content of the genomic DNA was determined using the thermal denaturation method (Marmur & Doty, 1962) with Streptomyces griseus ATCC 23345 T as a reference. DNA-DNA hybridization was carried out according to the thermal renaturation method (De Ley et al., 1970) , using a UV-1700 spectrophotometer (Shimadzu) equipped with a DCW-2008 thermo bath.
The G+C content in the genomic DNA of strain CPCC 204076 T was 71.9 mol%. The almost-complete 16S rRNA gene sequence of strain CPCC204076
T was determined as 1493 bp. Phylogenetic analysis based on 16S rRNA gene sequences revealed that CPCC 204076 T belonged to the genus Jatrophihabitans with highest sequence similarity to J. endophyticus DSM 45627 T (96.5 %), J. soli DSM 45908 T (96.5 %) and J. fulvus JCM 30448 T (96.1 %), and much lower similarities (<95 %) to other available 16S rRNA gene sequences from validly described pure cultures. In the phylogenetic trees based on 16S rRNA gene sequences generated from the three tree-making methods, strain CPCC 204076 T formed a distinct cluster with the three validly described Jatrophihabitans species within the family Frankiaceae, which indicated that strain CPCC 204076 T was phylogenetically affiliated to the genus Jatrophihabitans (Fig. 1) . However, the DNA-DNA hybridization values between strain CPCC 204076 T and the type strains of the above three species were 31±3.1 % (J. endophyticus DSM 45627 T ), 33 ±2.9 % (J. soli DSM 45908 T ) and 37±1.7 % (J. fulvus JCM 30448 T ), which were all far below 70 % (the cut-off value generally recommended for the delineation of genomic species), which demonstrated that strain CPCC 204076 T represents a different genomic species of the genus Jatrophihabitans (Wayne et al., 1987; Stackebrandt & Goebel, 1994 ).
The conclusion that strain CPCC 204076
T is a member of the genus Jatrophihabitans derived from the phylogenetic analysis based on 16S rRNA gene sequences was supported by the chemotaxonomic data, including meso-DAP as the diagnostic diamino acid, diphosphatidylglycerol as the major phospholipid, MK-9(H 4 ) as the predominant menaquinone, and iso-C 16 : 0 and anteiso-C 17 : 0 as the major cellular fatty acids. Additionally, the profiles of the cellular fatty acids and the differential physiological test results between strain CPCC 204076 T and J. endophyticus DSM 45627 T , J. soli DSM 45908 T and J. fulvus JCM 30448 T (Tables 1 and S1 ), as well as the DNA-DNA hybridization results clearly warrant the creation of a separate species in the genus Jatrophihabitans. Therefore, the name Jatrophihabitans huperziae sp. nov. is proposed to accommodate strain CPCC 204076
Description of Jatrophihabitans huperziae sp. nov.
Jatrophihabitans huperziae (hu.per¢zi.ae. N.L. gen. n. huperziae of Huperzia, referring to the isolation of the type strain from the plant Huperzia serrata).
Cells are Gram-stain-positive, non-motile, non-sporeforming and rod-shaped, with a size of 0.5-0.7Â1.0-1.1 µm. PaleColonies are soft orange and slightly convex. Soluble pigments are not found. Growth occurs at 10-37 C (optimum 32 C) and at pH 5.0-9.0 (optimum pH 7.0-7.5) with 0-3 % (w/v) NaCl. Oxidase-positive, catalase-negative. Hydrolyses starch, Tween 40 and Tween 80, but not cellulose, milk, gelatin or urea. Negative for endoglucanase activity, methyl red and Voges-Proskauer reaction tests, and H 2 S and indole production. In API ZYM strips, positive for acid phosphatase, alkaline phosphatase, esterase (C4), esterase lipase (C8), a-glucosidase, b-glucuronidase and leucine arylamidase. In the Biolog GEN III MicroPlate system, ace- The type strain is CPCC 204076 T (I13A-01604) (=DSM 46866 T =NBRC 110718 T ), isolated from surface-sterilized tissue of the medicinal plant Huperzia serrata (Thunb.), collected from Sichuan Province, south-west China. The genomic DNA G+C content of the type strain is 71.9 mol%. T among its phylogenetically related neighbours. Numbers at nodes indicate percentage levels of bootstrap support based on a neighbour-joining analysis of 1000 resampled datasets. Filled circles indicate that the corresponding nodes were also recovered in the trees generated with the maximum-likelihood and maximum-parsimony methods. Bar, 0.01 substitutions per nucleotide position.
